A general beam theory is developed capable of treating elasto-plastic bending behavior of steel structures subjected to (a) incrementary load and (b) repeated load combined with axial load ; Attention is focused on the evaluation of the effects of residual stress and finite deformation. Extended complementary energy method is employed throughout the analysis and numerical results are presented for stress, curvature and deflection of steel members with rectangular and I-sections of the structures.
INTRODUCTION
The classical approach1),2),3),4),5) to the evaluation of inelastic behavior of steel member is generally based on the moment-curvature equation. In this case, however, when a steel member having residual stress is subjected to variable cyclic load combined with axial load, serious difficulty is encountered in formulating exact representations2) for the inelastic behavior.
For clarity, function of the moment-curvature equation changes extremely its form under the above mentioned load condition, and the analytical procedure due to such function can thus be much complicated.
The resolution of the foregoing difficulty may be given by using the extended complementary energy method of continuum mechanics together with the generalized moment-curvature formula which will be derived in this paper by the authors.
This can be accomplished by estimating directly the stress-strain relation for the given loads based on the numerical integration techniques)'7).8)'9) and trial and error method.
As a result, the cumbersome but otherwise rigorous solution of the elasto-plastic beam theory is replaced herein by much simpler generalized one with sufficient engineering accuracy.
And the inelastic bending problems for steel structures with residual stress, subjected to combined loads such as combined bending moment and axial force, are solved by the numerical analysis and results are presented for the stress, the moment-curvature relation, the deflection and so on.
It is also shown that the elasto-plastic finite deformations of structures can be easily analyzed by the extended complementary energy methods).
Furthermore, in this investigation, problems of plastic stability, usually accompanied with the bending problems above mentioned, are considered by using matrix analysis from the same energy viewpoint.
ASSUMPTIONS
The method considered herein makes the following assumptions.
1) The stress-strain history curve for steel is idealized as shown in Fig. 1 .
2) The plane sections of the member remain plane during bending.
3) The member is of uniform section.
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4) The member is subjected to bending moment and axial force. 5) Effect of shearing stress is neglected. 6) Possibility of local buckling is disregarded.
The coordinate systems are as follows : The coodinate x is parallel to the axis of the member and y is perpendiculer to the neutral plane.
ELASTO-PLASTIC BENDING ( 1 ) Strees-Strain Relation
Denoting normal stress and strain in x direction by c and a, respectively, the stress-strain relation for the steel, as shown in Fig. 1 , is generally expressed by the following non-dimensional from.
(
where ƒÐ = ƒÐ/ƒÐy, ƒÃ= ƒÃ/ƒÃy, ƒÃ* = ƒÃ* / ƒÃ y yield stress of steel, yield strain of steel. 
From Eqs. (6) and (7), we find the required equation as, Consider a steel member AB subjected to axial force N and bending moment M, the complementary energy dU* stored in the infinitesimal element dS of the member AB will be ,given8) from Fig.  10 An elasto-plastic slope-deflection equation of steel member subjected to bending moment and axial force such as shown in Fig. 11 is derived ( 5 ) Illustrative Examples a) Example-1 To illustrate this method it is applied to a cantilever AB subjected to vertical and horizontal concentrated loads at free end B.
If the cantilever is divided into 10 elements as shown in Fig. 12 , equilibrium conditions will be given as follows ; and are plotted in Fig. 13 .
Comparison is made between the results of this solution and the solution given by the small deformation theory.
And it is found that the bending rigidity of the beam under axial force decreases considerably by the secondary effect of the finite deformation ( See Figs. 13, 14) .
It is also recognized that the iteration procedure converges rapidly if initial values of the unknowns are chosen properly, and that the problem of obtaining suitably initial values of the unknowns is conveniently resolved by using the incremental load method. Fig. 15 also shows curve for the I-section of Fig.  8 .
While, the stress-distribution diagrams for the given load become as shown in Fig. 16 . b) Example-2 Comparison is made in Fig.  18 between the Hocurves due to the finite deformation theoty and the small deformation theory.
Problem of Plastic Stability ( 1 ) General Theory
A member AB subjected to bending moments MAB, MBA and horizontal force HAB is shown in Fig. 19 with notation for the coordinate-axes, displacements and forces. If the member AB is divided into n elements, moments at the every divided points of the beam are given by considering the effect of the deflection in the following matrix form. 
Conclusion
In this paper, the authors have suceeded in deriving general formula for the curvature of steel member subjected to bending moment combined with axial force, based on the numerical integration technique and interation method.
The derived formula is then used to analyze elasto-plastic finite deformations of steel structures and to determine the critical loads employing the extended complementary energy method, wherein the effect of residual stress can be taken into account. The iteration procedure, as presented, converges rapidly for any variable load by utilizing the incremental load method.
By the way, if a steel member is subjected to axial force in addition to bending moment, it is reasonable to expect that the rigidity of the member is influenced by the residual stress and finite deformation.
This fact is clarified in Examples of Fig. 12, Fig.  17 and Fig. 21 in which the deflection increases 
